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Selective deficiency of thymus-derived lymphocytes in experimen-
tal pyelonephritis. Pyelonephritis was induced in experimental
animals deprived of thymus-derived (T) lymphocytes by adult
thymectomy and serial sublethal irradiation. In this model T
lymphocytes were reduced to less than 1% of normal adjudged by
the in vitro Phytohemagglutinin (PHA) responsiveness of
lymphoid cells from deprived animals compared with control
animals. Pathologic, bacteriologic and immunologic aspects of
renal infection were studied in the I cell-deprived animals during
the acute, resolving and chronic stages of pyelonephritis. The ex-
periments have shown that the ablation of lymphocytes did not ap-
preciably alter the course of the disease.
Insufilsance selective des lymphocytes dérivés du thymus dans Ia
pyelonephrite experimentale. Une pyélonéphrite a été induite chez
des animaux d'expérience privés de lymphocytes dérivós du thymus
(T) par thymectomie a l'âge adulte suivie d'irradiation sub-
léthale. Dans cc modCle les lymphocytes I sont réduits a moms
de 1% de Ia normale comme en témoigne Ia réponse des cellules
lymphoIdes des animaux expérimentaux a Ia PHA in vitro, par
comparison avec des animaux contrôles. Les aspects anatomo-
pathologiques, bacteriologiques et immunologiques de l'infection
rénale ont été étudiés au cours des stades aigu, résolutif et chroni-
que de Ia pyélonéphrite. Ces travaux montrent que Ia suppression
des lymphocytes dérivés du thymus ne modifie pas de facon appré-
ciable l'évolution de Ia maladie.
Details of the biology and, in particular, the im-
munobiology of pyelonephritis remain obscure
despite a great deal of clinical and experimental
research. Studies of the host-defence mechanism have
included investigations of nonspecific immune
mechanisms [1], local factors affecting the immune
response [2, 3] and the protective role of humoral im-
munity in renal infection [4-6].
One of the most important recent developments in
immunology has been the identification of two main
groups of lymphocytes in the peripheral blood,
lymphatics and lymphoid tissue of man and a number
of experimental animals. These have been described
as the bursal-equivalent (B) cells and the thymus-
derived (T) cells [7]. Considerable evidence has now
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accumulated associating B cells with the humoral im-
mune response to antigen while T cells have been
identified as the effector cells in cell-mediated im-
munity.
In a recent study [8, 9] the function of B cells in the
immune response to renal infection was investigated
using cyclophosphamide to selectively ablate the B
cell population [10]. In the current experiments we
have explored the role of T cells in the im-
munobiology of pyelonephritis. Renal infection was
induced in experimental animals deprived of T
lymphocytes and the effect of T cell ablation on the
bacteriologic, pathologic and immunologic features
of the disease was studied.
Methods
Bacterial strain. The strain of Escherichia coIl 075
used in previous studies of pyelonephritis was also
used in these experiments [11-13].
Animal strain. Female animals were obtained from
a random-bred strain of Wistar rat.
Production of infection. Pyelonephritis was
produced by the direct inoculation of E. coil into the
exposed kidney using a glass microcapillary. A total
of 3 X l0 organisms suspended in normal saline was
injected into the kidney in each of three injection sites
[14].
Bacterial content of renal tissue. Nutrient agar pour
plates of serial tenfold dilutions of homogenized
kidney were made to obtain the bacterial count per
gram of wet renal tissue.
Histological processing. Tissue for histologic ex-
amination was placed directly into a 0.1% solution of
cetylpyridinium chloride in 10% formaldehyde. After
routine processing and cutting, sections were stained
with hematoxylin-eosin.
Hematological screening. Blood was collected from
the tail into heparinized capillary tubes and diluted
immediately in Isoton. Samples were processed in a
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Coulter counter (Coulter Electronics Ltd., Dun-
stable, Beds., England; Model S) and the total
leucocyte count, hemoglobin value, red blood cell
count, packed cell volume and red blood cell indices
determined. A blood film for differential leucocyte
count, and red blood cell morphology, was also ex-
amined.
Collection of blood for antibody titers. Blood was
collected from the tail of lightly anesthetized rats
directly into microcentrifuge tubes. After centrifuga-
tion, the serum was removed and stored at —20°C
until analyzed.
Determination of serum antibody. Serum antibody
levels were determined by a passive hemaggulatina-
tion procedure using microtiter equipment. The sen-
sitization of the sheep red blood cells with bacterial
antigen has been described previously [13].
Production of T cell-depleted experimental animals
(TXIR) by thymectomy and sublethal irradiation.
Female rats weighing between 150 and 175 g were
thymectomized under direct vision using a split ster-
num approach and maintenance of respiration with a
rodent respirator.
After a two-week recovery period, the thymec-
tomized animals were given 250 rads from a 60Co
source at 150 rads/min and the dose was repeated at
intervals of two weeks until a total of 1,000 rads had
been given. Experiments were initiated two weeks
after the final irradiation.
In vitro assay of phytohemagglutinin (PHA)
stimulated mitogenesis of thymus-derived lymphocytes.
Lymphoid cells were obtained by removing the spleen
under sterile conditions into ice-cold HEPES-buf-
fered Eagle's minimum-essential medium (HEPES-
MEM, Grand Island Biological Company, Grand
Island, NY). Each spleen was gently minced with
curved iris scissors and the tissue fragments were
teased through a 60-mesh stainless steel gauze to
produce a single cell suspension which was washed
once and resuspended in HEPES-MEM. The cell
suspension was then counted and sufficient cells were
sampled to provide a culture in triplicate, each con-
taining 5 X 106 lymphocytes. These lymphocytes
were again centrifuged and the deposited cells re-
suspended in "insert" medium.
Roswell Park Memorial Institute complete
medium (RPMI-1640) was used in all the experi-
ments. The medium contained 100 U/mI of penicillin
and 100 tg/ml of streptomycin. Five percent
homologous rat serum obtained at the time of
sacrifice was added to the complete medium to
provide the "insert" medium in which the cells were
suspended during culture. Five X 10 splenic
lymphocytes were suspended in I ml of insert
medium over a dialysis membrane in a Marbrook
culture vessel [15] containing 10 ml of RPMI-l640
medium in the external reservoir. Phytohemag-
glutinin (Weilcome Reagents Ltd., Kent, England)
was suspended in 5 ml of saline and 15 itl added to the
contents of each insert tube. Unstimulated cultures
containing splenocytes, but no PHA, were included
with each cell suspension assayed. Cultures were held
for three days at 37°C in a humid atmosphere of 10%
CO2 in air. Sixteen hours before harvesting on the
fourth day, 1 tCi of 3H-thymidine (2 Ci/mmole)
(Radiochemical Centre, Amersham, England) was
added to each culture. The amount of 3H-thymidine
incorporated into cellular DNA was determined after
terminating the culture by the addition of distilled
water and filtration of each culture through a 2.5-cm
glass fiber filter (Whatman GFC) held in a machined
metal block [161. Counting of the 3H-thymidine in the
samples was carried out in a liquid scintillation
spectrometer (Beckman Model B). The procedure
gave replicate values consistently to within 10%. PHA
stimulation of 5 X 106 splenocytes from normal
animals resulted in a 3H-thymidine incorporation of
approximately 50,000 DPM/ 106 lymphocytes after
the addition of 1 tCi of 3H-thymidine. In un-
stimulated control cultures less than 500 DPM/106
lymphocytes was incorporated.
Statistical analysis. Analysis of the histologic and
bacteriologic data was carried out using the Wilcox-
on sum of ranks analysis for nonparametric data.
Experimental design. These experiments were
designed to assess the effect of T cell ablation on the
course of acute, resolving and chronic E. coli renal
infection. Pyelonephritis was induced in thy-
mectomized and irradiated T cell-deprived ani-
mals (TXIR), animals that had been irradiated
only (IR) and a control unmanipulated group. The
gross pathology, histopathology, bacteriology and
humoral immune response to infection were com-
pared in animals from the three groups 3, 14 and 28
days after the induction of pyelonephritis.
Results
Pyelonephritis. Injection of bacteria into the kidney
with a glass microcapillary resulted in a consistent
and reproducible infection in the renal parenchyma.
The earliest pathologic changes were detected on the
fourth day after infection as discrete, wedge-shaped
cortical lesions originating along the line of inocula-
tion and extending into the medulla of the kidney. A
transient bacteremia occurred in the 30-mm period
following inoculation of bacteria into the kidney but
subsequent blood cultures were sterile. Small
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numbers of bacteria were found in the spleen and
liver for 48 hr after the induction of pyelonephritis
whereas the bacterial content of the pyelonephritic
kidney remained high for many weeks.
Hematological changes in the experimental model.
Baseline hematological values were determined in
four groups each of six experimental animals (TXIR,
IR, sham-TXIR and normals) and subsequently at
regular intervals following thymectomy and irradia-
tion. Hemoglobin and red blood cell numbers
remained at normal levels in all groups over the
period of the experiments. Total leucocyte numbers,
however, were reduced from a mean of 11,000 to
6,000/cu mm when the TXIR and IR groups were
compared with the sham-thymectomized and control
groups. This was an absolute lymphopenia as a result
of irradiation, and a similar reduction in lymphocyte
numbers was found in both the TXIR and JR groups.
T cell response to PHA stimulation in thymec-
tomized and irradiated animals (TXIR). Fourteen days
after the final irradiation, the mitogenic response to
PHA of splenic lymphocytes from the TXIR, IR and
control rats was determined. At the time the rats were
killed, the thorax of each thymectomized animal was
examined for thymic remnants.
The PHA response of T cells in cultures of
splenocytes from the thymectomized and irradiated
animals was almost entirely ablated. The 3H-
thymidine incorporation by PHA-stimulated spleen
cells from thymectomized and irradiated (TXIR), ir-
0.5
radiated (IR) and normal rats is shown in Fig. 1. A
mean 43,000 DPM/106 lymphocytes was found when
the amount of 3H-thymidine incorporation was deter-
mined for six PHA-stimulated normal splenocyte
cultures. In contrast, the comparable mean figure for
the culture of splenocyte suspensions from six TXIR
animals was 444 DPM. The results from sham-
thymectomized animals were similar to those of the
normal animals but a reduction in PHA respon-
siveness of splenocytes from irradiated animals was
found. All animals remained in excellent health
throughout the experiment and showed normal ac-
tivity and weight gain.
Sublethal irradiation and the humoral immune
response. Our objective in these experiments was to
produce an experimental animal with an ablated T
cell response but capable of developing a normal
humoral immune response. The effect of irradiation
alone on the ability of the treated animals to produce
circulating antibacterial antibody was determined by
irradiating animals with 250 rads at two-week inter-
vals until a total of 1,000 rads had been given.
Pyelonephritis was induced in five groups of ten
animals which were challenged at intervals from 24 hr
to 14 days after the final irradiation. The humoral im-
mune response (Fig. 2) shows that circulating an-
tibody production was depressed in those groups
challenged up to seven days after irradiation but
returned to normal in the group challenged 14 days
after the final irradiating dose. In subsequent experi-
ments where the role of T cells in infection was asses-
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Fig. 2. Humoral immune response in pyelonephrisic animals when in-
fection was induced at increasing intervals up to 14 days after the
final irradiation.
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Fig. I. The comparative PHA responsiveness of splenic lymphocytes
from T lymphocyte-deprived (TXIR), irradiated only (IR) and sham-
ihymectomized (SH-TX) animals. The results are the mean and
SD from six animals in each group compared with a mean
response of 43,000 DPM/106 splenic lymphocytes from un-
manipulated animals analyzed at the same time.
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sed, an interval of 14 days was allowed between the
final irradiation and the induction of pyelonephritis.
Gross pathology. The effect of T cell ablation on the
gross pathologic changes during the course of
pyelonephritis is shown in Fig. 3. Characteristic le-
sions were found in all the pyelonephritic kidneys
into which bacteria had been introduced. There were
no significant differences among the three groups
when the extent of the acute infection was assessed
three days after challenge.
Fourteen days after challenge resolution of the
pyelonephritic lesions had commenced and a similar
degree of scar formation was found in all groups.
When the degree of residual infection was compared,
animals in the TXIR group were found to have
significantly fewer (P = 0.01) unresolved lesions than
the control groups. Twenty-eight days later, extensive
scar formation had occurred in the infected kidney of
pyelonephritic animals from all groups. There were
no significant differences in the extent of scar forma-
tion between the different groups, and although the
animals in the TXIR group appeared to have fewer
unresolved lesions than the control animals, the
differences were not statistically significant. Criteria
for quantitating the degree of scar formation are
given in Fig. 4.
Bacteriology. Bacterial numbers in the kidney of
pyelonephritic animals were quantitated 3, 14 and 28
days after the induction of unilateral infection in TX-
IR, IR and normal animals (Fig. 5). Three days after
challenge, the bacterial content of acutely infected
kidneys in all groups was similar. Fourteen days later
when the lesions had begun to resolve, bacterial
numbers had decreased in all animals including the
TXIR group. Bacterial numbers in the kidney of
animals in the TXIR group were, in fact, significantly
lower than the numbers in either the control group or
the irradiated group (P = 0.02). Twenty-eight days
after infection there were no significant differences in
the number of bacteria in the chronically infected
kidney from the three groups.
Histopathology. Histopathologic changes occur-
ring in the kidney during the course of renal infection
in T cell ablated animals were compared to the
histopathologic findings of pyelonephritis in normal
animals. Serial histologic sections were examined to
determine quantitatively the extent of renal damage
(Fig. 6) and the intensity of lymphocytic infiltration
in the pyelonephritic lesion, and to assess the pro-
portion of lymphocytes in the infiltrating cells. The
effect of T cell ablation on the inflammatory
polymorphonuclear infiltrate and the degree of
fibrosis in the scarred areas were also examined.
Three days after challenge the degree of renal
damage and the cellular infiltrate, assessed by the ex-
amination of serial sections of each infected kidney,
were similar in all groups (Table 1). The cellular in-
filtrate in the acute lesion of all three groups consisted
mainly of polymorphonuclear leucocytes but mono-
nuclear cells were also present.
In the resolving lesion 14 days after infection, the
polymorphonuclear infiltrate had been replaced by
an intense mononuclear infiltrate. Histopathological-
ly, the degree of renal damage was again similar in all
groups and there was no significant difference in the
degree of round-cell infiltration between the control
and TXIR groups. Twenty-eight days after challenge,
resolution of the lesions was comparable in all groups
and T cell ablation had not led to any significant ex-
tension of the lesions. A variation in the intensity of
the lymphocytic infiltrate was found when the
pyelonephritic lesions in the kidney of the TXIR
group were examined and compared with their con-
trols. In individual animals from the TXIR group,
there was a marked paucity of lymphocytes in the
lymphocytic infiltrate while in others the intensity of
the lymphocytic infiltrate was comparable to the con-
trols. In the irradiated animals the mononuclear in-
filtrate was also comparable to the controls but fewer
of the infiltrating cells were lymphocytes.
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Fig. 3. Gross pathology in T lymphocyte-deprived (TXIR),
irradiated (IR) and control animals 3, 14 and 28 days after the
induction of pyelonephritis. The term residual infection, Res Inf,
was used to indicate foci of incompletely healed lesions within
scarred areas.
Serum antibody concentrations in pyelonephritis.
Renal infection was induced in three groups each of
six animals (TXIR, JR and controls) 14 days after the
final irradiation. Serum samples were obtained 3, 7,
14 and 28 days after challenge and antibody con-
centrations determined. Neither T cell ablation nor
irradiation alone had any effect on the specific im-
mune response to infection (Fig. 7).
Lymphocyte numbers at local sites. The effect of the
loss of T cells on the number of lymphocytes at local
and peripheral lymphoid sites during the course of in-
fection was investigated in TXIR, IR and control
animals, each with six rats per group. Animals were
killed 3, 14 and 28 days after the induction of renal
infection and the perirenal node, cervical node, lum-
bar node and spleen were placed in chilled tissue
culture medium. Single cell suspensions were
prepared and cell counts carried out in a Neubauer
bright line hemocytometer. Despite the absence of
PHA-responsive T cells in the TXIR group and an
absolute lymphopenia at the time of challenge,
lymphocyte numbers at all the lymphoid sites studied
were within 10% of the cell numbers found in
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Fig. 4. Quantilation of the degree of scar formation. Assessment was made on a 0 to 10 scale with each point on the scale representing
one-tenth of the surface kidney. The kidney illustrated in (A) was scored as 6, (B) as 4, (C) as 2 and (D) as I. Residual infection was
used to indicate foci of incompletely healed lesions within scarred areas.
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Fig. 5. Bacterial numbers in the kidney of T lymphocyte-deprived
(TX!R). irradiated (IR) and control animals 3, 14 and 28 days after
the induction of renal infection with E, coli.
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Fig. 6. Histopathologic assessment of the degree of renal damage. On the scale used, 10 represented
lesions involving 25% or more of the area of the section. Lesser degrees of damage were scored on
a 0 to 10 scale where each unit represented 2.5% of the total area of the kidney section. The kidney
section (X8) illustrated in (A) was scored as 10, and (B) as 2. (C) and (D) are photomicrographs
taken under low power magnification (X40).
lymphoid tissue at the same site of pyelonephritic but
otherwise normal animals (Table 2).
When the number of lymphocytes in the enlarged
renal lymph node from the pyelonephritic T cell
ablated animals were compared with lymphocyte
numbers in renal nodes from pyelonephritic but
otherwise normal animals, little difference was found.
Discussion
The cell-mediated immune response to infection
depends on the functional activity of the thymic-
dependent T lymphocytes. As a result of specific
immunologic stimulation, antigen-committed T cells
replicate and elaborate a number of soluble media-
tors which expand the number and type of cell in-
volved in the inflammatory reaction [17]. The activity
of T lymphocytes can be monitored by a number of
in vitro assays, and there is a great deal of evi-
dence to support the concept that the cellular re-
sponses in culture simulate those of functional T
lymphocytes in the intact animal [18, 19]. In these
experiments we have investigated the effect of abla-
tion of T cells by adult thymectomy and serial sub-
lethal irradiation on the course of experimental renal
infection. The PHA response was reduced to less
than 1% of normal and confirmed the suitability of
the experimental model for assessing the role of T
lymphocytes in pyelonephritis. The marked reduc-
tion in the number of PHA-responsive T lymphocytes
did not alter the disease process; and when the gross
pathologic, histopathologic and bacteriologic fea-
tures of pyelonephritis in T cell-ablated animals were
compared with those of nonmanipulated pyeloneph-
ritic animals, no major differences were found.
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Table 1. Histopathologic changes in the kidney of pyelonephritic animals 3, 14 and 28 days after renal infections
3days l4days 28days
Study
group
Degree of
Degree of mono-
renal nuclear
damageb infiltration
% infiltrate
Mono- Lympho-
cyte cyte
Degree of % infiltrate
Degree of mono-
renal nuclear Mono- Lympho-
damage infiltration cyte cyte
Degree of
Degree of mono-
renal nuclear
damage infiltration
% infiltrate
Mono- Lympho-
cyte cyte
Control
N 12 12 12 12 12 12 12 12 8 8 8 8
Mean 7.4 5.9 36 63 7.0 6.0 26 73 6.5 4.2 75 25
SSM 0.46 0.53 5.9 5.9 0.38 0.40 4.1 4.1 0.75 0.72 4.6 4.6
IR
N 10 10 10 10 Ii ii 11 Il 7 7 7 7
Mean 6.5 4.2 39 61 7.1 5.1 42 58 5.4 2.8 80 20
SEM 0.63 0.38 4.8 4.8 0.48 0.41 4.4 4.4 0.71 0.26 2.0 2.0
Signifi-
cancec NS P = 0.05 NS NS NS NS P 0.02 P 0.02 NS NS NS NS
IR<Con Con<IR !R<Con
TX! R
N 7 7 7 7 9 9 9 9 9 9 9 9
Mean 6.14 4.71 44 55 6.5 4.3 32 67 7.1 3.3 77 22
SEM 0.76 0.47 7.1 7.1 0.48 0.43 4.9 4.9 0.42 0.16 2.2 2.2
Signifi-
cancee NS NS NS NS NS P 0.05 NS
TXIR < Con
NS NS NS NS NS
1R = irradiated animals; TXIR = thymus cell-depleted experimental animals.
bQuantitative 0 to 10 scale used to make a comparative assessment of the cellular infiltrate, and degree of renal damage. Refer to Figs. 4 and 6
for details.
Degree of significance when compared to control animals (pyelonephritic nonmanipulated animals) using the Wilcoxon sum of ranks
analysis.
With the differentiation of specific immunologic
effector mechanisms into T and B cell-dependent
compartments, the relative importance of humoral
and cell-mediated immune responses in the im-
munobiology of infectious diseases is now being in-
vestigated. In some instances the information has
been obtained from clinical studies of patterns of in-
fection in immunodeficient individuals, but in most
cases the details have come from manipulations of
the immune responsiveness of experimental animals
prior to the induction of infection.
In the present experiments, T cell deprivation and
ablation of the cell-mediated immune response had a
remarkably slight effect on the pathologic features of
the pyelonephritic lesion. Neither the degree of
macroscopic scarring and resolution of the lesions
nor the histopathologic examination suggested an
adverse effect when lesions from T cell-deprived and
intact pyelonephritic animals were compared. The
number of organisms persisting in the pyelonephritic
kidneys was also similar in the three groups studied,
and after 14 days there were even fewer organisms
present in the kidneys of animals lacking a cell-
mediated immune response.
T cell ablation likewise did not affect the ability of
the host to produce circulating antibody following
renal infection. Several authors have investigated the
effect of thymectomy alone on the immune response
to bacterial and other antigens and their common
finding that thymectomy did not affect the humoral
immune response [20, 21] is consistent with the ex-
tended life span of the T cell population. Even though
care was taken in the present experiments to
eliminate the residual T cell population remaining
after thymectomy, the ability of the host to produce
circulating antibody following renal infection was not
impaired and serum antibody concentrations in the T
0
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Days after renal infection
Fig. 7. Serum antibody titers in T lymphocyte-deprived (TXIR), ir-
radiated (IR) and control animals determined by passive hemag-
glut ination. These data are the mean titers of the six animals in each
group sampled 3, 7, 14 and 28 days after the induction of
pyelonephritis.
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Table 2. Total lymphocyte numbers in representative lymphoid
tissue from thymectomized and irradiated animals (TXIR) and
irradiated animals (IR) compared with normal control animals 3,
14 and 28 days after the induction of renal infection
3 days 14 days 28 days
Lymphoid
tissue TXIR IR TXIR IR TXIR JR
% % % % % %
Perirenal
nodes 94 98 90 95 102 101
Cervical
nodes 95 97 106 106 97 97
Lumbar
nodes 85 93 98 96 99 97
Spleen 97 97 100 100 95 96
cell-deprived animals were similar to those in the con-
trol groups. These results are consistent with the T
cell independence of the immune response to
lipopolysaccharides of gram-negative bacilli reported
by other authors [22, 23]. Although a regulatory
effect on the immune response to bacterial antigen by
T cells has been proposed [24, 25], the results have
not been confirmed by other investigators [26, 27] or
supported by our own data.
Division of the immune response into cell-
mediated and humoral components has led to at-
tempts to manipulate the immune response of ex-
perimental animals to determine the effective
mechanism associated with specific infectious dis-
eases. Several approaches have been used including
the use of immunosuppressive drugs and the restora-
tion of immune competence by the transfer of
selected cellular components to lethally irradiated
animals. The results from some of these experiments
have been tabulated in Table 3. Many of the experi-
ments have yielded unequivocal results although
most authors have been cautious in claiming that the
immune mechanism identified has been the sole
significant factor in host protection. In some cases
conflicting evidence has been found, but a number of
concepts have emerged that have defined patterns of
resistence to infectious diseases in experimental
animals and in man.
Infection with enterovirus, coxsackie, asian in-
fluenza, rabies and yellow fever virus appears to be
controlled by humoral immune mechanisms whereas
cell-mediated immunity is of primary importance
in infections caused by pox, herpes, myxovirus
and the tumor-inducing viruses where the viral an-
tigens are expressed on the cell membrane or are
formed by budding from the cell membrane. Compo-
nents of the immune response to bacterial infections
have also been investigated but the results have been
less clear with the exception perhaps of the intracel-
lular bacteria. As a result there are few precedents
that would allow one to predict the effect of T cell
ablation on the course of renal infection. Persistence
Table 3. Experimental determination of immune mechanisms in infectious diseases
Effective immune
Pathogen mechanism Evidence Reference
Mycobaterium Nonspecific bactericidal activity Immunity to Tb depressed in T North. Cell Immunol 7:166, 1973
tuberculosis of macrophages produced by
specific immunologic responses in-
volving T cells.
cell-deprived mice but restored
with T cells.
Listeria monocytogenes T cells are essential for cell-
mediated immunity to Listeria.
T cell-deprived mice have no im-
munity. Immune responsiveness
restored by thymocytes. Lym-
phocyte protection abolished by
anti-T serum.
Blanden, Langman. ScandJ
Immunol 1:379, 1972
Lane, Unanue. J Exp Med 135:
1104, 1972
Escherichia coil pyelone-
phritis
B cells may lead to the production
of protective antibody but antibody
may also be immunoprotective and
block host-defense mechanisms.
Humorai antibody protected
animals against pyelonephritis.
Reduced bacterial counts in the
kidney of pyelonephritic animals
lacking B cell response.
Kaijser, Oiling. J Infect Dis 128:41,
1973
Kyriakos, lkori. J Pathol 97:513,
1969
Miller, North. Kidney mt 5:179,
1974
Rabies virus B cell-dependent. Only anti-rabies serum conferred
protection.
Turner. Nature/New Bio11241:90,
1973
Ectromelia virus Cell-mediated immunity. Mononuclear cell invasion of
infected foci triggered by cell-
mediated immunity of key
importance.
Blanden. J Exp Med 133:1090,
1971
Leishmania tropica Cell-mediated immunity. Lesion in T cell-depleted mice
healed slowly.
Preston. Clin Exp Immunol 10:337,
1972
Avian influenza B cell-dependent. T cell ablation no effect. Portnoy et al. Cell Immunol 9:251,
1973
E. coli pyelonephritis No evidence for direct involvement
ofcell-mediated immunity.
T cell deprivation did not affect the
course of the disease.
Miller et al. This study
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of infection for prolonged periods has been a feature
of pyelonephritis and it has been suggested that many
host factors including the immune response to infec-
tion contribute to bacterial persistence and the
pathologic aspects of chronic renal infection.
The role of cell-mediated immunity in renal infec-
tion has been investigated by at least two other
groups. Zaruba found that prior sensitization of ex-
perimental animals did not favorably affect the
course of infection in rabbits and infection was es-
tablished more frequently in the presensitized group
[28]. Bailey et al, on the other hand, have interpreted
their results showing an increase in leucocyte migra-
tion in some patients with pyelonephritis as possibly
indicating a defective cell-mediated immunity [29].
In associated experiments we have been unable to
find a host protective role for the B cell component
[8] and the results of the present investigation have
not disclosed an absolute requirement for thymus-
derived cells in the recovery from renal infection. The
assay of PHA responsiveness used in these experi-
ments to determine the extent of T cell depletion,
however, is only an indicator of potential T
lymphocyte function; and a reduction of PHA
responsiveness, even as low as 1% of normal, can only
be considered to be presumptive evidence for the
ablation of T cell function. Several lines of investiga-
tion have provided evidence for the existence of a
heterogeneity among the peripheral T lymphocytes[30-32] and it is possible that an effector T
lymphocyte population may have been left intact
after the experimental manipulations. This is con-
sidered unlikely, however, in view of the fact that
adult thymectomy and irradiation are known to
abolish the activity of the short-lived radiation-
sensitive T lymphocytes which have been shown to be
involved in the inflammatory response to bacterial in-
fection [33-35].
With the recent demonstration of both T cells and
B cells in the cellular infiltrate in pyelonephritis [36,
37], the effect of each of the lymphoid cell popula-
tions on the function of the individual components
will need to be considered. T cell modulation of B cell
function by suppressor cells has been described [38]
and B cell modulation of the T cell response has been
observed [39]. So far, the relationship between the
humoral and cell-mediated immune responses in the
local defence mechanisms of the kidney has not been
determined although it may clearly be of importance.
The unique physiological environment in the
kidney adds to an already complex situation and it
will be some time before a precise account of the im-
munobiology of renal infection can be given. In these
experiments, however, a start has been made to define
the nature of the inflammatory infiltrate and deter-
mine its role in the biology of pyelonephritis.
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